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, optic neuritis was often mistaken for other ocular and especially retinal pathologies [2] .
In 1823, George Frick (1793 Frick ( -1870 in the first American textbook of ophthalmology (1823) had described: 1 Helmholtz acknowledged that Brucke himself was but a hair's breadth away from the invention of the ophthalmoscope in 1847; and the English surgeon William Cumming had stated the idea of an instrument for 'detection of disease of the retina and posterior part of the eye', in 1846, as had Charles Babbage in 1847. ' Failure of sight limited to one eye, often accompanied by neuralgic pain about the temple and orbit and by pain in moving the eye; many recover but permanent damage and even total blindness may ensue; there is at first little, sometimes no, ophthalmoscopic change, but the disc often becomes more or less atrophic in a few weeks… 'The defect in vision is often described at first as a ''gauze'' or a ''yellow mist'' or a ''dark patch'' or a ''spot'' which covers the object looked at and gives an unnatural colour, the hand looking, for example, as if covered by a brown glove. ' In the 19th century, optic neuritis was used as a descriptive term for papilloedema. Its most common cause was widely said to be a brain tumour. It was also recognized as a discrete disease of the optic nerves [8] , though its aetiology was often uncertain. After Nettleship's seminal description, Thomas Buzzard's major review of 1893 reported 5 patients with a history of disseminated sclerosis that had episodes of visual failure with recovery, consistent with optic neuritis [10] . But like the large 1897 series of 350 cases reported by Gunn [11] , the causes and mechanism of optic neuritis remained controversial; syphilis was common though not necessarily the cause, and many instances were attributed to ill-defined infections, sinusitis, tobacco amblyopia, and hysteria.
Two physicians clarified the confusion: Edward Nettleship and Wilhelm Uhthoff. Until their studies, the importance of central visual scotomata and the phenomenon described by Uhthoff in 1890, were unrecognized in distinguishing optic demyelination from other intracranial and ocular disorders.
Uhthoff [13] explained both the physical signs and aetiologies of optic neuritis in a discussion at the British Medical Association's Ophthalmology section in 1904:
'I think, too, that the form of the clinical disorders of vision in retrobulbar neuritis, their commencement and course, capacity for recovery, painfulness of movements of the eyeball in fresh cases, the tardy appearance of ophthalmoscopic phenomena after the vision has become affected, lack of characteristic central changes in the retina, absence of positive defects in the field of vision, etc., are symptoms which speak for a primary seat of the disturbance in the optic nerve. …' 'In more than half of the 120 cases I was unable to find the aetiological cause; where I did succeed in finding one, I diagnosed syphilis 14 times, hereditary tendency 11 times, disseminated sclerosis 6 times, anomalies of menstruation 5 times, pregnancy 6 times, decided effects of cold 5 times, acute loss of blood 3 times, disorders of the neighbouring cavities 3 times, periostitis orbitae 3 times, trauma twice, influenza twice, typhoid once, malaria once, polyneuritis once. ' Giving a detailed description of the optic papilla and visual fields, he concluded: 'With the exception of cerebral tumours and tuberculous meningitis there is no disease of the nervous system (even including tabes) which is so often accompanied by ophthalmoscopic changes as disseminated sclerosis. ' While the phenomenon is particularly associated with a temporary worsening of optic neuritis, fatigue and sensory symptoms can also be worsened in some patients. Uhthoff's sign also has been recognized in other optic neuropathies, though it is most frequently associated with optic neuritis [14] , affected patients having an increased risk of MRI abnormalities and of developing multiple sclerosis [15] .
In a previously well young patient, the symptom is almost pathognomonic of optic neuritis. The usual history is of transient 'blurring or dark patches' in one or both central visual fields during exercise, in the hot shower or bath, recovering within a few minutes. The symptom evolution, and subsequent prognosis for overt multiple sclerosis are elaborated elsewhere [16, 17] .
Physiology of Uhthoff's Sign
The sign suggests impaired but functioning myelin, which conducts electrical impulses more slowly when body temperature is elevated [18] ; this led to the 'hot bath test' in the 1950s. A rise in temperature of 1.6 ° C retards central conduction time in pattern visual-evoked potentials (P2), in both normal subjects and in patients with demyelinated optic nerves [19] . However, exercise-induced Uhthoff's symptom is often accompanied by lesser or negligible rises in temperature [20] , so that metabolic changes in axolemmal sodium flux and lactic acidosis may be more important than temperature change alone [21] . In the motor system, Uhthoff's phenomenon is due to varying conduction block associated with prolonged central motor conduction time (CMCT). In contrast to conduction block, CMCT is not importantly affected by temperature [22] . This arises because at the site of demyelination, the voltage-dependent sodium channels are more rapidly inactivated, resulting in a failure to generate nerve impulses [23, 24] . Conduction in unaffected parts of the axon is unimpaired [25] . In addition, segmental demyelination, even a modest widening of the nodal gap, can cause a conduction block. The partial restoration of conduction compensates for altered neural function related to the appearance of sodium channels along the demyelinated axolemma and the adoption of a more continuous (or micro-salutatory) mode of conduction [26, 27] . ( fig. 2 ) At the turn of the 20th century, the achievements of Wilhelm Uhthoff, a renowned German ophthalmologist heralded the beginning of contemporary neuro-ophthalmology. Uhthoff was born in Warin in the Grand Duchy of Mecklenburg-Schwerin. He began his studies in 1873, attending the universities of Tübingen, Göttingen, and Berlin. He received his doctorate at Berlin in 1877. He was assistant to Heinrich Leopold Schoeler (1844-1918) and was habilitated in Berlin. In 1890, Uhthoff went to Marburg as ordentlicher Professor , and in 1896 he succeeded C.F.R. Förster (1825-1902) at Breslau, until he retired in 1923. Bielschowsky described him as the true founder of clinical neuro-ophthalmology.
Wilhelm Uhthoff (1853-1927)
During World War I, Uhthoff related to Gordon Holmes his observations on the retinal connections to the cortex, based on his examining soldiers with shrapnel injuries to the brain. They suggested a detailed projection of the retina upon the cortex, the macula being represented in the calcarine region with successive radial zones along the borders of the fissures [28] . Uhthoff frequently presented papers and discussion at annual meetings of the British Medical Association's Ophthalmology section. And he published a Stereoscopischer ophthalmolog, several editions of the Handbuch der Augenheilkunde (Leipzig, Engelmann), and many papers including stud- ies on cerebral thrombophlebitis, syphilis and conjunctivitis, and in 1915 he published a treatise in which he gave an early description of the disorder, which was to become known as the Foster Kennedy syndrome [29] . (1845-1913) ( fig. 3 ) Nettleship began his education at Kettering Grammar School and was then persuaded to train in agriculture and veterinary medicine before moving to medicine in which he qualified at the London Society of Apothecaries in 1867. He quickly passed the FRCS in 1870. Because of his childhood passion for bird watching he was nicknamed 'Bird-bearing Ned'. He worked in the London Hospital under Jonathan Hutchinson (1828-1913), whose interest in ophthalmology probably directed him to that discipline. He studied at Moorfields Eye Hospital, continued his association with Hutchinson and was a close friend of Waren Tay (1843-1927). The major part of his career was as an ophthalmic surgeon and lecturer at St Thomas' Hospital, where he remained from 1878 until 1895, and as surgeon at Moorfields from 1882 to 898. He had a thriving private practice. His contemporaries described his extraordinarily scrupulously accurate observations and industry. This was especially applied to the genealogy of his patients with hereditary eye diseases, yielding important discoveries inter alia on the hereditary transmission of congenital night blindness [30] . After retirement he was elected a Fellow of the Royal Society on 2 May 1912, proposed by Jonathan Hutchinson, Victor Horsley, David Ferrier, Hughlings Jackson and Henry Head. He contributed many papers on hereditary eye diseases, cataracts, toxic amblyopia, and colour blindness.
Edward Nettleship
The Nettleship Medal of the Ophthalmological Society honoured his work.
